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ENCAPSULATION STRUCTURE AND
ENCAPSULATING METHOD OF OLED
DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s the National Stage of PCT/CN2013/
088246 filed on Nov. 30, 2013, which claims priority under 35
U.S.C. §119 of Chinese Application No. 201310439879.5
filed on Sep. 24, 2013, the disclosure of which 1s incorporated
by reference.

TECHNICAL FIELD

Embodiments of the present invention relate to an encap-
sulation structure and encapsulating method of an OLED
device.

BACKGROUND

An OLED device refers to such an electroluminescent
device that 1s formed of an organic semiconductor material
and a luminous material and 1s caused to emit light through
injection and recombination of carriers upon it being driven
by an electric field. OLED devices have many advantages and
possess bright prospects in the field of display. OLED devices
are very sensitive to water vapor and oxygen gas, and water
vapor and oxygen gas that permeate into OLED devices are
main factors that affect lifetime of the OLED devices. Water
vapor and oxygen gas incur chemical reactions with the
organic materials, leading to malfunction of the OLED
device. For example, OLED devices belong to devices of a
direct current (DC) driven type, and when an OLED device 1s
in an operating state, a miniature electrolytic cell 1s produced
inside the device 1 water vapor exists 1n the device, resulting
in an electrochemical reaction. The produced reaction gas
may separate a metal cathode from an organic function layer,
leading to maltunction of the device.

Therefore, how to provide an encapsulation structure
capable of preventing water vapor and oxygen gas from per-
meating nto the OLED device 1s one of urgent techmical
problems to be solved.

SUMMARY

According to embodiments of the present invention, there
are provided an encapsulation structure and encapsulating
method of an OLED device. With the encapsulation structure
of the OLED device, water vapor and oxygen gas can be
prevented from entering the OLED device, and then, service
life of the OLED device 1s prolonged.

In an aspect of the invention, there 1s provided an encap-
sulation structure for OLED device, comprising a glass sub-
strate, a glass cover plate, an OLED device and a sealing layer.
The glass substrate has a recessed portion, the glass cover
plate 1s located at an opening of the recessed portion, and a
periphery of the glass cover plate and the glass substrate are
bonded through a frit barricade formed by melted glass pow-
ders, so that the glass cover plate and the glass substrate have
an integral structure, a closed cavity 1s formed by the glass
cover plate and the recessed portion, and both the OLED
device and the sealing layer are located within the closed
cavity.

For example, the OLED device 1s disposed on a bottom
surface of the recessed portion, and the sealing layer fills up
remaining space within the closed cavity. For example, 1n a
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direction from the bottom surface of the recessed portion
toward the glass cover plate, a distance between two opposite
side walls of the closed cavity becomes larger gradually.

For example, the OLED device 1s disposed on a face of the
glass cover plate facing a bottom surface of the recessed
portion, and the sealing layer {ills up remaining space within
the closed cavity. For example, 1n a direction from the bottom
surface of the recessed portion toward the glass cover plate, a
distance between two opposite side walls of the closed cavity
becomes larger gradually.

For example, the sealing layer 1s a transparent sealing layer
formed of silicone o1l, a resin or liquid crystals.

For example, one face of the glass cover plate facing way
from a bottom surface of the recessed portion 1s flush with an
upper edge of the recessed portion of the glass substrate.

In another aspect of the invention, there 1s further provided
an encapsulating method for the encapsulation structure of
the OLED device as stated above, comprising: forming a
recessed portion on a glass substrate, and producing an OLED
device, filling a sealing layer 1n the recessed portion to form a
sealing layer, placing a glass cover plate over an opening of
the recessed portion, so that the OLED device and the sealing
layer are enclosed within the recessed portion; filling glass
powders 1n a gap between the periphery of the glass cover
plate and the side wall of the recessed portion; bonding the
glass substrate and the glass cover plate into an 1integral struc-
ture by using a laser packaging method 1n which a laser head
1s controlled to scan along glass powder to let the glass pow-
der melt, so that a closed cavity 1s formed by the glass cover
plate and the recessed portion.

For example, a recessed portion having a stepwise configu-
ration 1s formed on the glass substrate, and a width along a
bottom surface of the recessed portion 1s smaller than a width
of an opening of the recessed portion; an OLED device 1s
produced on a bottom surface of the recessed portion; a seal-
ing material 1s filled in the recessed portion to form a sealing
layer; the glass cover plate 1s placed over a step face possessed
by a side wall of the recessed portion, so as to enclose the
OLED device and the sealing layer within the recessed por-
tion.

Preferably, a recessed portion having a stepwise configu-
ration 1s produced on the glass substrate, and a width along a
bottom surface of the recessed portion 1s smaller than a width
ol an opening of the recessed portion, a sealing material 1s
filled 1n the recessed portion, and an OLED device is pro-
duced on a face of the glass cover plate, the glass cover plate
1s placed over a step face possessed by a side wall of the
recessed portion 1n a state where a face of the glass cover plate
on which the OLED device 1s disposed faces a bottom surface
of therecessed portion, and the sealing maternial 1s formed 1nto

a sealing layer, so as to enclose the OLED device and the
sealing layer within the recessed portion.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to illustrate the technical solution of the embodi-
ments of the invention more clearly, the drawings of the
embodiments will be briefly described below; 1t 1s obvious
that the drawings as described below are only related to some
embodiments of the invention, but not limitative of the inven-
tion.

FIG. 1 1s a structurally schematic view when an OLED
device 1n an encapsulation structure of the OLED device
provided by an embodiment of the invention 1s disposed on a
bottom surface of a recessed portion of a glass substrate;
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FIG. 2a 1s a structurally schematic view 1llustrating a glass
substrate 1n an encapsulation structure for OLED device pro-

vided by an embodiment of the invention;

FI1G. 2b 1s a structurally schematic view when an OLED
device 1s provided on the bottom surface of the recessed
portion of the glass substrate structured as illustrated in FIG.
2a;

FIG. 2¢ 1s a structurally schematic view when a sealing
layer 1s formed on the glass substrate and the OLED device
structured as 1illustrated in FIG. 25;

FIG. 3 1s a structurally schematic view when an OLED
device 1 an encapsulation structure for OLED device pro-
vided by an embodiment of the invention 1s disposed on a face
of a glass cover plate facing a bottom surface of a recessed
portion of a glass substrate;

FI1G. 4 1s a schematic view illustrating a kind of structure of
a recessed portion that 1s disposed at a glass substrate 1n an
encapsulation structure for OLED device provided by an
embodiment of the invention; and

FIG. 5 1s a schematic view 1illustrating another kind of
structure of a recessed portion that 1s disposed at a glass
substrate 1n an encapsulation structure for OLED device pro-
vided by an embodiment of the invention.

DETAILED DESCRIPTION

In order to make objects, technical details and advantages
of the embodiments of the invention apparent, hereinafter, the
technical solutions of the embodiments of the invention waill
be described 1n a clearly and fully understandable way in
connection with the drawings related to the embodiments of
the invention. It 1s obvious that the described embodiments
are just a part but not all of the embodiments of the invention.
Based on the described embodiments of the invention, those
ordinarily skilled in the art can obtain other embodiment(s),
without any inventive work, which come(s) within the scope
sought for protection by the invention.

FIG. 1 1s a structurally schematic view when an OLED
device 1n an encapsulation structure of the OLED device
provided by an embodiment of the invention 1s disposed on a
bottom surface of a recessed portion of a glass substrate; FIG.
2a 1s a structurally schematic view illustrating a glass sub-
strate 1n an encapsulation structure for OLED device pro-
vided by an embodiment of the mvention; FIG. 3 1s a struc-
turally schematic view when an OLED device in an
encapsulation structure for OLED device provided by an
embodiment of the invention 1s disposed on a face of a glass
cover plate facing a bottom surface of a recessed portion of a
glass substrate.

Asillustrated in FIG. 1 and FIG. 3, an encapsulation struc-
ture for OLED device provided by the embodiment includes
a glass substrate 1, a glass cover plate 2, an OLED device 3
and a sealing layer 4.

As 1illustrated in FIG. 2a, the glass substrate 1 has a
recessed portion 11, and the glass cover plate 2 1s located at an
opening of the recessed portion 11. The periphery of the glass
cover plate 2 and the glass substrate 1 are bonded together
through a irit barricade 5 formed by melted glass powders, so
that the glass cover plate 2 and the glass substrate 1 have an
integral structure. A closed cavity 1s formed by the glass cover
plate 2 and the recessed portion 11 of the glass substrate 1, and
both the OLED device 3 and the sealing layer 4 are located
within the closed cavity.

In the above encapsulation structure of the OLED device,
the periphery of the glass cover plate 2 and the glass substrate
1 are bonded together through the frit barricade 5§ formed by
melted glass powders, so that the glass cover plate 2 and the
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glass cover plate 1 form an integral structure, and the glass
cover plate 2 functions in cooperation with the recessed por-
tion 11 of the glass substrate 1 to form a closed cavity, within
which the produced OLED device 3 and sealing layer 4 are
located.

An all-glass encapsulation 1s implemented with the glass
substrate 1, the glass cover plate 2 and the frit barricade 5. The
glass material has a good obstruction property with respect to
water vapor and oxygen gas, and then can prevent water vapor
and oxygen gas outside the encapsulation structure from
entering the closed cavity. In turn, this prevents water vapor
and oxygen gas from entering the OLED device 3, and pro-
longs the service life of the OLED device 3.

Thus, the encapsulation structure of the OLED device pro-
vided by embodiments of the invention can prevent water
vapor and oxygen gas from entering the OLED device,
thereby prolong the service life of the OLED device.

In the encapsulation structure of the OLED device pro-
vided by embodiments of the imnvention, the OLED device 3
may have a variety of setting configurations.

Configuration 1

Please continue to refer to FIG. 1. The OLED device 3 may
be arranged on a bottom surface of the recessed portion 11 of
the glass substrate 1, while the sealing layer 4 fills the remain-
ing space within the closed cavity. As such, sides o the OLED
device 3 and a face of the OLED device 3 facing away from
the bottom surface of the recessed portion 11 can be better
sealed by the sealing layer 4.

On the basis of configuration 1, in order to facilitate the
preparation of the sealing layer 4 so that the periphery of the
OLED device 3 can be better sealed by the sealing layer 4, 1n
the direction from the bottom surface of the recessed portion
11 toward the glass cover plate 2, the distance between two
opposite side walls of the closed cavity may become larger
gradually.

Configuration 2

Please continue to refer to FIG. 3. The OLED device 3 may
also be arranged on a face of the glass cover plate 2 facing a
bottom surface of the recessed portion 11, and the sealing
layer 4 fills up the remaiming space 1n the closed cavity.

The sealing layer 4 fills up the remaining space in the

closed cavity formed by the assembly of the glass cover plate
2 and the recessed portion 11, so that sides of the OLED
device 3 and a face of the OLED device 3 facing away from
the glass cover plate 2 can be better sealed by the sealing layer
4.

On the basis of configuration 2, 1n order to facilitate the
preparation of the sealing layer 4, in the direction from the
bottom surface of the recessed portion toward the glass cover
plate, the distance between two opposite side walls of the
closed cavity may become large gradually.

For example, in an OLED-device encapsulation structure
provided by each embodiment as stated above, the sealing
layer 4 1s a transparent sealing layer formed of silicon oil, a
resin or liquid crystals. The transparent sealing layer does not
bring an effect on light exiting efficiency of the OLED device
as 1t emits light, and display quality of the OLED device can
be improved. The used amount of silicon oi1l, the resin or
liquid crystals can be obtained from calculation.

In order to improve the appearance of the encapsulation
structure of the OLED device, a face of the glass cover plate
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2 facing away from the bottom surface of the recessed portion
11 1s flush with an upper edge of the recessed portion 11 of the
glass substrate 1.

According to an embodiment of the invention, there 1s
turther provided an encapsulating method for the encapsula-
tion structure ol the OLED device as stated above. The
method can be performed as follows.

Step S601, a recessed portion 1s formed on a glass sub-
strate, and an OLED device 1s produced, a sealing materal 1s
filled 1n the recessed portion to form a sealing layer, a glass
cover plate 1s placed over an opening of the recessed portion
to cover the opening, so that the OLED device and the sealing,
layer are enclosed within the recessed portion by the cover.

Step S602, a gap between the periphery of the glass cover
plate and the side wall of the recessed portion 1s filled with
glass powders.

Step S603, the glass substrate and the glass cover plate are
bonded 1nto an mtegral structure by using a laser packaging,
method, for example, a laser head 1s made to scan the glass
powder under the control of a personal computer (PC) so that
the glass powders melt, and then a closed cavity 1s formed by
the glass cover plate and the recessed portion.

In the encapsulating method for the encapsulation structure
of the OLED device as stated above, the laser packaging
method 1n step S603 1s used to melt the glass powder that
exists at a gap between the periphery of the glass cover plate
and the side wall of the recessed portion by filling i step
5602, thereby realizing a bond between the periphery of the
glass cover plate and the glass substrate. Eventually, the glass
substrate and the glass cover plate are bonded 1nto an integral
structure, so that a closed cavity 1s formed by coordination of
the glass cover plate and the recessed portion of the glass
substrate. The assembly position in step S601 positions the
OLED device and the sealing layer in the closed cavity, and
then, an all-glass encapsulation of the OLED device 1s
achieved.

A specific example of step S601 may be carried out as
follows.

As 1llustrated 1n FIG. 24, a recessed portion 11 having a
stepwise configuration 1s formed on a glass, substrate 1, and
the width along a bottom surface of the recessed portion 11 1s
smaller than the width of an opening of the recessed portion;
as 1llustrated 1n FI1G. 25, an OLED device 3 1s produced on the
bottom surface of the recessed portion 11; as illustrated in
FIG. 2¢, a sealing material 1s filled in the recessed portion 11
to form a sealing layer 4; and next, a glass cover plate 2 1s
placed over a step face possessed by a side wall of the
recessed portion 11.

Then, the encapsulation structure of the OLED device
illustrated 1n FIG. 1 1s eventually obtained through step S602
and step S603, realizing an all-glass encapsulation of the
OLED device 3.

Another specific example of the step S601 may be carried
out as follows.

A recessed portion having a stepwise configuration 1s pro-
duced on a glass substrate, and the width along a bottom
surface of the recessed portion 1s smaller than the width of an
opening of the recessed portion. A sealing material 1s filled 1n
the recessed portion, and an OLED device 1s produced on a
face of the glass cover plate. The glass cover plate 1s placed

over a step face possessed by a side wall of the recessed
portion in the case where its face on which the OLED device
1s disposed faces a bottom surface of the recessed portion, and
the sealing material 1s formed 1nto a sealing layer.
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Then, the encapsulation structure of the OLED device
illustrated 1 FIG. 3 1s obtained through step S602 and step
S603, so that an all-glass encapsulation of the OLED device
3 can also be achieved.

Further, in the above two specific examples of step S601,
the shape of the recessed portion formed on the glass substrate
1s not limited to the shape 1llustrated in FIG. 2a, and 1t may
also be the configurations illustrated in FIG. 4 and FIG. 5.

Descriptions made above are merely exemplary embodi-
ments of the invention, but are not used to limait the protection
scope of the mvention. The protection scope of the invention
1s determined by attached claims.

The mvention claimed 1s:
1. An encapsulation structure for OLED device, compris-
ing a glass substrate, a glass cover plate, an OLED device and
a sealing layer,
wherein the glass substrate has a recessed portion, the glass
cover plate 1s located at an opening of the recessed
portion, and a periphery of the glass cover plate and the
glass substrate are bonded through a irit barricade
formed by melted glass powders, so that the glass cover
plate and the glass substrate have an integral structure, a
closed cavity 1s formed by the glass cover plate and the
recessed portion, and both the OLED device and the
sealing layer are located within the closed cavity; and

wherein 1 a direction from the bottom surface of the
recessed portion toward the glass cover plate, a distance
between two opposite side walls of the closed cavity
becomes larger gradually.

2. The encapsulation structure claimed as claim 1, wherein
the OLED device 1s disposed at a bottom surface of the
recessed portion, and the sealing layer fills up remaiming
space within the closed cavity.

3. The encapsulation structure claimed as claim 2, wherein
the sealing layer 1s a transparent sealing layer formed of
silicone o1l, a resin or liquid crystals.

4. The encapsulation structure claimed as claim 3, wherein
one face of the glass cover plate facing way from a bottom
surface of the recessed portion 1s flush with an upper edge of
the recessed portion of the glass substrate.

5. The encapsulation structure claimed as claim 1, wherein
the OLED device 1s disposed on a face of the glass cover plate
facing a bottom surface of the recessed portion, and the seal-
ing layer {ills up remaining space within the closed cavity.

6. The encapsulation structure claimed as claim 5, wherein
the sealing layer 1s a transparent sealing layer formed of
s1licone o1l, a resin or liquid crystals.

7. The encapsulation structure claimed as claim 6, wherein
one face of the glass cover plate facing way from a bottom
surface of the recessed portion 1s flush with an upper edge of
the recessed portion of the glass substrate.

8. The encapsulation structure claimed as claim 1, wherein
the sealing layer 1s a transparent sealing layer formed of
s1licone o1l, a resin or liquid crystals.

9. The encapsulation structure claimed as claim 8, wherein
one face of the glass cover plate facing way from a bottom
surface of the recessed portion 1s flush with an upper edge of
the recessed portion of the glass substrate.

10. An encapsulating method for the encapsulation struc-
ture for OLED device, comprising:

forming a recessed portion on a glass substrate, and pro-

ducing an OLED device, filling a sealing layer in the
recessed portion to form a sealing layer, placing a glass
cover plate over an opening of the recessed portion, so
that the OLED device and the sealing layer are enclosed
within the recessed portion;
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filling glass powders 1n a gap between a periphery of the
glass cover plate and a side wall of the recessed portion;
and

bonding the glass substrate and the glass cover plate into an
integral structure by using a laser packaging method 1n
which a laser head 1s controlled to scan along glass
powder to let the glass powder melt, so that a closed
cavity 1s formed by the glass cover plate and the recessed
portion; and

wherein 1n a direction from the bottom surface of the

recessed portion toward the glass cover plate, a distance
between two opposite side walls of the closed cavity
becomes larger gradually.

11. The encapsulating method claimed as claim 10,
wherein a recessed portion having a stepwise configuration 1s
formed on the glass substrate, and a width along a bottom
surface of the recessed portion 1s smaller than a width of an
opening of the recessed portion; an OLED device 1s produced
on a bottom surface of the recessed portion; a sealing material
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1s filled 1n the recessed portion to form a sealing layer; the
glass cover plate 1s placed over a step face possessed by a side
wall of the recessed portion so as to enclose the OLED device
and the sealing layer within the recessed portion.

12. The encapsulating method claimed as claim 10,
wherein a recessed portion having a stepwise configuration 1s
produced on the glass substrate, and a width along a bottom
surface of the recessed portion 1s smaller than a width of an
opening of the recessed portion, a sealing material 1s filled 1n
the recessed portion, and an OLED device 1s produced on a
face of the glass cover plate, the glass cover plate 1s placed
over a step face possessed by a side wall of the recessed
portion 1n a state where a face of glass cover plate on which
the OLED device 1s disposed faces a bottom surface of the

recessed portion, and the sealing material 1s formed into a
sealing layer, so as to enclose the OLED device and the
sealing layer within the recessed portion.
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